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SPECIFICATION 

1. Title of the Invention: 

METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE 

2. CLAIMS 

1. A method of manufacturing semiconductor device comprising; 

a step of forming a laminate on first electric-conductive layer on a substrate by 
laminating a first semiconductor, a second semiconductor, and a third semiconductor 
being electrically conductive identical to said first semiconductor; 

a step of forming said second and third semiconductors into such a shape 
substantially being identical to that of said first semiconductor; 

a step of forming insulation matter on surfaces of said first, second, and third 
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semiconductors; and 

a step of forming gate-electrode on gate-insulation matter on lateral side of 
said second semiconductor; 

whereby said method forms insulation-gate type field-effect semiconductor 
device on said substrate. 

2. The method of manufacturing semiconductor device set forth in Claim 1, 
wherein capacitor is formed on said substrate via a step of forming insulation matter on 
said first electric-conductive layer and , a step of forming an electrode mainly 
comprising such a material being identical to that of gate-electrode. 

3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to such a semiconductor device provided with 
vertical-channel insulation-gate laminated type semiconductor units formed on a 
substrate, while the invention also relates to the method of manufacturing said 
semiconductor device. 

Further, the invention also relates to such a semiconductor device being 
connected to source or drain of laminated insulation-gate type field-effect 
semiconductor device formed on a substrate or such a semiconductor device having a 
capacitor fitted on said substrate. 

The invention features provision of such a composite semiconductor device 
formed on a substrate in matrix structure and also provision of liquid-crystal type 
display device. 

In the case of providing a flat-surface type solid display device, such a 
liquid-crystal display unit is known, which disposes a pair of electrodes inside of 
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parallel glass sheets before feeding liquid crystal between the electrodes. 

However, in this case, the number of picture elements of this display unit is 
limited in a range from 20 up to 200. If more than 200 of picture elements were 
needed, the number of terminals needed for extracting picture elements out from the 
display unit corresponds to the number of picture elements, and thus, such a display 
device cannot totally be offered for practical use. Because of this, in order to provide 
the display unit with plural picture elements to form matrix structure in order that the 
display can be turned ON or OFF by way of controlling optional picture elements, it 
was necessary to provide such a field-effect semiconductor device (called IGF) 
corresponding to the picture elements. Conventionally, control signal is delivered to 
the IGF to cause the corresponding picture elements to be turned ON or OFF. 

Concrete application of the invention to the vertical-channel type IGF and the 
liquid crystal display had been described in detail in the specification of the application 
of this inventor for a Japanese Patent under the title "Insulation-gate type field-effect 
semiconductor device and its manufacturing method" as per the Application No. 
SHO-56-001767 and the other application under the title "Composite semiconductor 
device" as per the Application No. SHO-56-001768 filed on January 9, 1981. The 
present invention has further developed the previous arts cited above. 

In the liquid-crystal display unit, equivalent circuit can be designated by means 
of a capacitor (called C in the following description). FIG. 1 exemplifies such a 2 x 2 
matrix structure (40) comprising the IGF and capacitor C for example. 

In FIG. 1, the matrix (40) composes a sole picture element by applying a single 
unit of IGF (10), a capacitor (31) filled with a single unit of liquid-crystal, and another 
capacitor (32) usable for providing after-glow characteristic when being required. 
The picture elements are linked with bit-line per line (51) and (51'). Likewise, gates 
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are connected to each other to form files (41) and (41 '). 

Based on the above arrangement, assume that a unit of (51) and (41) designates 
"1", whereas another unit (51 ') and (41') designates "0", the matrix selects only the 
lot-number (1,1) to have it turn ON, thus enabling liquid crystal electrically and 
equivalently shown as capacitor (31) to be turned ON selectively. 

In order to form decoder and driver on an identical substrate, the invention 
aims to install another insulation-gate-type semiconductor device (50), another inverter 
(60), and another resistor (70) on an identical substrate. 

By combining the invention based on the design specification, such a solid 
display unit usable for flat-surface TV replacing cathode-ray tube was fabricated. 

Display unit for any calculator may be composed by applying 10 2 - 10 3 units 
of picture elements. It is understood that 10 4 ~ 10 5 units of picture elements are 
usable for a TV-set, for example, 25 x 10 5 units of picture elements are provided on an 
identical substrate to fabricate a TV-set by using said picture elements as well as the 
IGF, inverter, and the resistor having the needed decoder and driver simultaneously 
being formed in the periphery of the substrate. 

Embodiments of the invention are exemplified below. 

[Embodiment 1] 

FIG. 2 A through 2E respectively exemplify vertical-sectional views and the 
method of manufacturing the laminate-type IGF related to the invention. 

In FIG. 2, the first conductive layer incorporating a transparent electrode such 
as Sn0 2 , a metal film such as Ni, Cr, Mo 2 , Si, etc. and the first semiconductor 
incorporating P-type or N-type conductive elements was formed on an insulated 
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substrate such as glass substrate or alumina substrate for example. Using the first 
photo-mask (1), the conductive layer (2) was processed to generate optional-shape 
pattern. For example, lead (11) comprising horizontal-directional conductive layer 
was formed. Using the first photo-mask (1), the first conductive layer (2) was etched 
into optional shape. Further, the first semiconductor Sl(3) being N-type or P-type was 
formed on the first conductive layer (12) by applying plasma-vapor-phase deposition 
method. Further, the second semiconductor (4) being intrinsic or N-type or P-type 
(this is merely called S2 in the following description) on the first semiconductor SI (3). 
Further, in order to provide source and drain by forming a pair with the first 
semiconductor Sl(3), the third semiconductor (5) (hereinafter merely called S3) 
incorporating conductivity identical to that of the first semiconductor SI (3) was built 
up as shown in FIG. 2(B). It should be understood that the first conductive layer may 
be the one comprising a piece of conductive transparent thin film made from SnC>2 or 
the like, and yet, nickel or chrome may be superposed on SnC>2 via lamination to 
facilitate ohmic contact between the first semiconductor Sl(3) and the first conductive 
layer (12). 

This semiconductor was produced at temperature ranging from room 
temperature up to 400 °C. by applying silane via glow discharge method or arc 
discharge method. The semiconductor related to the invention uses so-called 
non-monocrystalline silicon semiconductor comprising amorphous structure or 
semi-amorphous structure incorporating micro-crystalline particles each having 5 ~ 100 
A of fine size or micropolycrystalline structure having 50 ~ 500A of particle size. In 
the present invention, embodiment mainly refers to semi-amorphous semiconductor 
(this is merely called SAS in the following description). Regarding the 
above-referred SAS, detail of the embodiment was described in the specification 
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pertaining to the previous Application for a Japanese Patent filed on March 3, 1980, via 
Application No. SHO-55-026388/1980 under the title "Semi-amorphous 
semiconductor" proposed by the inventor of the present invention. 

Referring to FIG. 1, based on so-called lithographic technique such as screen 
printing or photo-etching method, the first semiconductor S3 was selectively removed 
via use of the mask 2, and then, P-type semiconductor S2 and N-type semiconductor SI 
were also removed via masking with S3 before fabricating S2 and S3 into a shape 
substantially being identical to each other. In this case, it is quite important to 
preserve the first conductive layer as it is. In such a case in which the first conductive 
layer comprises double layers or more than double layers, one of them may selectively 
be removed. 

Referring to FIG. 2(B), in order to further decrease parasitic capacity, it is 
permissible to form a thick insulation film comprising silicon oxide film having 0.3 - 
l.On of thickness on the first semiconductor S3(5) via LPCVD (lower pressure 
vapor-phase deposition method) or plasma CVD method. By way of forming such a 
conductive layer comprising Mo, or W, or Mo2Si, or W 2 Si, having 0.2 ~ 0.5 of 
thickness on the first semiconductor S3(5) and then SiC>2 film with 0.3 ~ 1.0[i of 
thickness was further built on the above conductive layer to promote conductivity of 
the first semiconductor S3(5). This in turn proved to be effective for the matrix 
formation. 

Referring to FIG. 2C, lateral surface may be formed vertically on the surface of 
the substrate (1). However, it was proved to be effective to etch tapered portion into 
trapezoidal form and remove stepped notch of differential step of the laminated gate 
electrode. 

Next, insulation film (6) was formed on the whole surfaces of SI, S2, and S3. 
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In particular, gate insulation film (16) was formed on the lateral surface of the 
S2(14). The insulation film was activated by electromagnetic energy of frequencies 
ranging from 13.56MHz to 2.45GHz. The insulation film was oxidized after being 
immersed in vapor atmosphere comprising oxygen or blend of oxygen and hydrogen at 
100 ~ 700 < C. before being formed with 200 ~ 2000A of thickness. 

In particular, when using such a substrate comprising glass, it is quite likely 
that movable ion contained in glass such as sodium may diffuse into the gate insulation 
film in the course of passing a long while. Because of this, it is quite important that 
silicon nitride (Si 3 N 4 . x 0 <; X < 3) or silicon carbonide (Si x Ci_ x 0^ X < 1) be used for 
the above insulation film. Accordingly, silicon nitride film was formed by way of the 
following processes. Initially, silane (Sif-L* or SiH) and ammonia or nitrogen ionized 
by microwaves (2.45GHz, 50 ~ 500W output) were fed into a reaction furnace filled 
with vaporized silicide/nitride (1:20 - 1:5000) held at 0.1 ~ O.STorr of inner pressure. 
The reaction furnace was heated at 200 ~ 500^., typically at 300t. Substrate was 
heated from the outside of the reaction furnace, and then double stage plasma CVD 
process was applied by treating the surface of the heated substrate with the secondary 
high-frequency plasma having 13.56MHz of frequency and 5 ~ SOW of output. 

After executing the above processes, it was possible to properly form gate 
insulation film into 200 ~ 1000A of thickness at such a low temperature (200 ~ 400^.) 
on the peripheral side of semiconductor, in particular, on the peripheral side of the 
second semiconductor S2 (14), without causing this non-monocrystalline 
semiconductor to be degraded by effect of dehydrogenation. After causing vaporized 
nitride to be excited by microwaves (50 ~ 300W), when fully ionizing vaporized nitride, 
nitrogen infiltrates into attending silane in the course of forming film. Because of this, 
the gate insulation film proved to be free from so-called hysteresis characteristic and 
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capable of masking against sodium as well. 

In regard to Si x Ci_ x (0 ^ X < 1), when forming into insulation matter, plasma 
CVD process was executed. Concretely, by applying plasma CVD process (using 0.1 
~ l.OTorr of pressure and 200 ~ 400^. of substrate temperature) to process silicone 
carbonide via TMS (tetramethyl-silane) (Si(CH)) or carbon by applying acetylene (C 
H), it was possible to form 2.5eV - 3.5eV of energy band width. 

When glass is used for the substrate, based on consideration that no 
degradation should take place in the semiconductor and the substrate being formed at 
200 - 400^ . , by virtue of applying plasma CVD process, silicon nitride and silicon 
carbonide respectively proved to be extremely effective when being formed into gate 
insulation film 

Simultaneous with the formation of the above-referred gate insulation film, 
identical film was also formed for the isolation of the SI (13) and the S3 (15). 
Further, as is shown in FIG. 2(D), applying the third lithographic technique, 
electrode hole (8) was formed on the insulation film (16), whereas electrode 
hole (7) was formed on the S3 (15). Further, metal layer or semiconductor layer 
linking with the gate electrode was built up over again, where the semiconductor layer 
comprises P + or N + conductive silicon semiconductor or transparent conductive film 
such as Sn0 2 or ITO. 

Next, applying the fourth photo-lithographic technique (4), the produced film 
was selectively etched, and then, gate electrode (17) was formed in the horizontal 
direction on the gate insulation matter (16). At the same time, wiring was executed 
from the SI (13) and S3 (15) to IGS, capacitor, and resistor of another portion via the 
electrode holes over the substrate surface or the insulation matter (6) in close contact 
therewith. 
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When viewing the line A-A 3 in the vertical sectional view shown in FIG. 2 (D) 
from the lateral direction, the lateral view can be designated as FIG. 2(E), where the 
reference numerals shown in both drawings correspond to each other. 

The semiconductor of the invention has mainly used semi-amorphous 
semiconductor (SAS). This is because the SAS incorporates 10" 4 ~ 10~ 5 (Qcm)" 1 of 
background conductivity, and thus, compared to 1(T 9 ~ KT^Qcm)" 1 of the background 
conductivity of AS(amorphous semiconductor), the former has such a characteristic 
close to that of mono-crystalline silicon. The above background conductivity was 
secured in such a substantially intrinsic semiconductor dispensing with intentional 
introduction of impurities. In such an intrinsic semiconductor, when activating energy 
neutralized by boron has reached Eg/2, inversely, mobility of Hall extremely grows, 
and thus, by way of combining these, it was possible to fabricate Enhancement-type or 
Depletion-type N or P-channel field-effect semiconductor device (IGF). The 
semi-amorphous semiconductor SAS incorporates lattice distortion, and yet, it also 
contains hydrogen for neutralizing "asymmetric coupler" containing 0.1~5mol% of 
density. In order to prevent hydrogen from being degasified and also minimize stress 
caused by thermal expansion at the interfaces of respective materials being different 
from each other, it was found that all the processes for the substrate, semiconductor 
components, electrodes, and lead wires should have been done at such temperature 
ranging from 200 to 600^., preferably in a range from 200 to 350*0., typically at 
300t:. 

It is also allowable to compose the gate electrode (17) with conductive-type 
semiconductor identical to that is used for composing the SI and the S3, and yet, it is 
also allowable to provide multiple-layer wiring structure by way of doubling metal 
such as molybdenum or the like. 
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Using four pieces of mask, source or drain was formed by applying the Sl(13) 
and the S2 (14) containing channel-forming portion (9). Further, drain or source was 
formed by applying the S3(15). Finally, such a multiple-layer-laminated field-effect 
semiconductor device (IGF) (10) incorporating gate-insulation matter (16) on the 
lateral surface of channel-forming portion and gate electrode (17) on the external 
lateral surface was completed. 

In the present invention, channel length was determined depending on 
thickness of the S2 (14). Concretely, channel length was determined to be in a range 
from 0.3 to 3.0jxm, typically to be l.O^m. This is because, inasmuch as the mobility 
of non-monocrystalline semiconductor differs from that of monocrystalline 
semiconductor being one-fifth through one-hundredth, channel length has been 
contracted to promote operating characteristic of the IGF. 

In the semi-amorphous semiconductor, bulk mobility of electron is rated to be 
10 ~ 500cm 2 V/S and 1/3 ~ 1/10, whereas bulk mobility of Hall is rated to be 0.5 ~ 
100cm 2 V/S and 1/5 - 1/100. However, considering that amorphous silicon is longer 
by 10 - 10 3 times than electron (being 0.01 ~ 1.0cm 2 V/S) and the Hall (being less than 
0.001cm 2 V/S), inasmuch as the semiconductor device according to the invention 
utilizes such a semi-amorphous semiconductor (SAS) incorporating micro-crystal 
structure corresponding to 5 ~ 100A, and yet, inasmuch as it is possible to make up 
so-called micro-channel structure comprising approximately l[im of channel length as 
a result of forming layer-laminated structure, the above composition is extremely 
important in terms of high-speed response capability. 

Further, compared to the Hall, inasmuch as mobility of electron in the IGF of 
the invention is three times greater than that of monocrystal, i.e., being 5 ~ 100 times 
the mobility of the Hall, it was quite preferable to provide N-channel-type field-effect 
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semiconductor device. 

Such an intrinsic semiconductor dispensing with addition of divalent 
impurities such as boron onto its surface belongs to N-type, and thus, by way of adding 
0.1 - lOppm of divalent impurities simultaneous with formation of the S2 for use as a 
P-type or I-type semiconductor, the field-effect semiconductor device IGF may be of 
N-channel type in order that liquid crystal panel of the invention can be operated by 
positive voltage. 

When using substantially intrinsic semiconductor (being N-type) for making 
up the S2 (the second intrinsic or N-type or P-type semiconductor) in the field-effect 
semiconductor device IGF, it is possible to secure enhancement-type operating mode in 
the case of the P-channel IGF and depletion-type operating mode in the case of the 
N-channel type IGF. 

Likewise, assuming that the semiconductor S2 is intrinsic or P-type, then, 
depletion type operating mode can be secured from the P-channel IGF, whereas 
enhancement-type operating mode can be secured from the N-channel IGF. 

The field-effect semiconductor device IGF for generating liquid display shown 
in FIG. 1, enhancement-type is easily operable for selecting picture elements, and thus, 
enhancement-type operation mode is described below. 

When causing the gate electrode to be turned into "1" and also source or drain 
into "1", this causes current to flow through channel-forming portion (9) to have it turn 
ON and also causes either or both of the gate electrode and source or drain to be turned 
OFF if either or both of them were 0. 

In the N-channel-type IGF, binary code "1" means 0.5 ~ 10 V of positive 
current, whereas "0" means such a voltage being 0V or below threshold voltage. 

In the case of the P-channel-type IGF, polarity of own electrode should be 
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changed. These logical operations are identically applicable to those embodiments 
shown in FIG. 1, FIG 2, and FIG. 3 through FIG. 5 as well. 

Referring to FIG. 1, in the course of making up peripheral decoder or such a 
conventional logical element, in FIG. 2(D) and (E), for example, resistor (70) can be 
determined by vertical-directional resistivity of bulk component of the semiconductor 
S2 independently of voltage being added to gate. In other words, in such a case in 
which no gate electrode is provided, those elements SI, S2, and S3 may sequentially be 
built up. Resistance value may be determined according to design specification based 
on resistivity and thickness of the S2 and also based on the area of the S2 placed on the 
substrate. 

In the inverter (60) shown in FIG. 1, driver (61) conforms to the structure 
shown in FIG. 2(D). Load (64) shown in FIG. 1 may comprise an enhancement-type 
or depletion-type IGF that links either of the Sl(15) and S3(13) with the gate electrode 
(17). 

The inverter (60) incorporates an output terminal (62), which may comprise 
composite structure by way of discretely building up a pair of IGF units on the 
substrate. Input terminal may be provided in correspondence with the gate electrode 
(17). 

In the vertical-channel-type IGF related to the invention, inasmuch as the 
semiconductor layers of the SI and S3 are respectively of P + and N + types, even when 
light beams irradiate from the upper or lower direction, irradiated beams are fully 
absorbed without arriving at the S2 via the above structure. This means that the SI 
and S3 simultaneously exert light-shielding effect. Because of this, the IGF can 
perform ON/OFF operation even when a plurality of IGF units have been formed on 
the glass substrate or even when the IGF dispenses with provision of light-shielding 
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function in particular. Since it is the object of light-shielding function to effect 
display by enabling such portion devoid of the IGF to cause light beams to permeate 
through and reflect against the whole substrate including liquid crystal in the vertical 
direction, and thus, the light-shielding effect of the IGF itself makes up extremely 
important characteristic. 

This is such a unique characteristic of the invention which has never been 
conceived in the conventionally known horizontal-channel-type IGF, i.e., thin-film 
transistor. 

FIG. 3 exemplifies another embodiment of the invention according to the 
manufacturing method identical to the Embodiment 1 shown in FIG. 2. 

[Embodiment 2] 

FIG. 3(A) is a cross-sectional view in which wiring has been done for the 
conductive layer (12) on the substrate (1) in the horizontal direction, and likewise, 
wiring has been done for the gate (17) in the horizontal direction. On the other hand, 
wiring has been done for the S3(15) in the vertical direction shown in FIG. 3(A). In 
this drawing, a pair of IGF units (10), (10), are shown, however, both units may be 
aligned on identical substrate via matrix formation. 

The reference numerals shown in FIG. 3 respectively correspond to those 
identical numeral of the embodiment shown in FIG. 2. 

In the manufacturing process, only three kinds (1) ~ (3) of lithographic masks 
may be used. In order to prevent parasitic capacity from being generated between the 
conductive layer (17) of the gate and the conductive layer of the S3, silicon oxide (30) 
shown in the embodiment 1 has been laminated on the S3(15) by 0.3 - 2.0\xm. In the 
manufacturing process, silicon oxide (30) is patterned, and then, Sl(15), S2(14), and 
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Sl(13) below the masking silicon oxide are etched, and SI, S2 and S3 are processed 
into substantially identical form. 

[Embodiment 3] 

FIG. 3(B) exemplifies another embodiment of the invention. In FIG. 3(B), 
the first conductive layer (12) incorporating wiring of the IGF (10) being connected to 
the Sl(13) is disposed in the horizontal direction. The third conductive layer wiring 
(24) connected to the S3(15) via contact (21) is disposed in the horizontal direction. 
The second conductive layer (17) connected to the gate electrode is disposed in the 
vertical direction by way of being perpendicular to the drawing. Wiring is effected by 
separating respective conductive layers from each other via inter-layer insulation 
material (6). 

In FIG. 3(B), the conductive layer (12) disposed on the substrate (1) was 
subject to patterning via mask 1. Next, the Sl(13), S2(14), and the S3(15) were 
sequentially built up, and then, by way of self-alignment, these elements were 
respectively etched via mask 2. Next, gate-insulation material (16) was formed, and 
then, gate electrode (17) and its lead (17) were formed via mask 4. Next, by applying 
polyimide resin and PIQ, inter-layer insulation material (25) was formed with 0.5 ~ 
2.0pim of thickness. Next, contact hole (7) was formed, and then, the third conductive 
layer (14) for composing electrode and lead to be connected to the S3(15) was formed 
via mask 5. The above method has proved that triple-layer wiring structure could be 
manufactured by applying five kinds of mask. 

In correspondence with the above embodiment 3, FIG. 4 exemplifies another 
embodiment of the invention applied to liquid crystal display. 
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[Embodiment 4] 

FIG. 3(C) exemplifies another embodiment of the invention. Concretely, this 
embodiment shows on the substrate (1) the first conductive layer (12) which has been 
extended in the horizontal direction (X-direction) shown therein via mask 1. The 
S3(115), gate-electrode, and lead (17) are respectively shown in the vertical direction 
(Y-direction) shown in the drawing. 

In the IGF (10), the S2 and S3 were respectively formed via mask 2. In the 
channel-forming portion, gate (17) covering the S2(14) and S3(15) by way of being 
across them was formed. Lead was formed on the S3(15) in such a portion devoid of 
the formation of channel in the S2 by applying mask 3. 

As has been shown in the above embodiments 2, 3, and 4, in the IGF related to 
the invention, the gate electrode (17) on the gate-insulation material (16) for forming 
channel-forming portions in the Sl(13) for composing source or drain and also in the 
S3(15) and S2(14) for composing drain or source could optionally and freely accept 
designed elements to enable formation of wiring in the X and Y directions. 
Compared to such a conventionally known IGF incorporating horizontally formed 
channel, since the semiconductor layers SI, S2, and S3 are sequentially formed via 
lamination by way of mainly applying plasma CVD process, and yet, since the SI, S2, 
and S3 are substantially of self-aligned structure, the invention has initiated the above 
manufacturing method into practical use, and thus, industrial effect brought by the 
invention is extremely significant. 

[Embodiment 5] 

FIG. 4 exemplifies another embodiment of the invention reflecting further 
development from the one shown in FIG. 3(B) using a liquid crystal display. 
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FIG. 4 shows concrete application of the invention to the 2x2 matrix cell 
shown in FIG. 1. 

In FIG. 4, (A) denotes part of the plan, whereas (B) denotes vertical sectional 
view along A -A 5 surface. 

In FIG. 4(B), the first conductive layer (23) has been formed on the glass 
substrate (1) with 500 ~ 3000A of thickness in the X-direction. The first conductive 
layer (23) may also be transparent film comprising SnO or ITO(In O + SnO (5%)). 
Further, the S2(14) and the S3(15) have been formed on the first conductive layer (23). 
Gate-electrode-lead (17) has been formed in the Y-direction. 

Electrode (24) of capacitor (31) filled for liquid crystal against the S3(15) has been 
formed with transparent conductive film. The other transparent conductive film (27) 
has been disposed below the upper glass substrate (28). In order that liquid crystal 
can be oriented to each other at right angle, the conductive layers (27) and (28) have 
respectively been provided with liquid-crystal-particle-orienting film or orienting 
process. Liquid crystal (26) has been filled between the two transparent electrodes 
(27) and (28). 

FIG. 4(A)/(B) respectively exemplify the IGF (10) and (10') composing cross 
points of respective matrixes and the capacitors (31) and (31') respectively being 
connected to the output terminals of the IGF (10) and (10'). 

Based on the above arrangement, 1 through 16 units per square millimeter of 
picture elements can be produced by a single electrode (24) of the capacitor (31). 
Further, 500x500 flat-surface display can also be produced per 5 ~ 20cm 2 . 

FIG. 4 solely illustrates such a system in which a single capacitor filled with 
liquid crystal is connected in series to output terminal of the IGF. At the same time, 
when another accumulative capacitor (32) for displaying display time is formed in 
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parallel, this structure looks like the one shown in FIG. 5. 
[Embodiment 6] 

In order to simplify the drawing, FIG. 5(B) has deleted illustration of the liquid 
crystal portion (26), the upper electrode (27), and the upper glass substrate (28). It 
should be understood however that these components can be fabricated based on the 
known method as was done for FIG. 4. 

FIG. 5(A) is a plan of the portion corresponding to an individual picture 
element. FIG. 5(B) is a vertical sectional view along A-A\ FIG.5(C) is a vertical 
sectional view along B-B\ The reference numerals shown in said drawings 
correspond to each other. As is apparent from the form of the IGF (10) shown in 
FIG.5(C), orientation to the IGF (10) has been effected by applying FIG. 3(A) shown in 
the embodiment 2 as the main element. 

One of the electrodes (24) of the capacitor for liquid crystal display is linked 
with the Sl(13). However, its structure differs from the case in which the electrode 
(24) is linked with the B3(15) shown in FIG. 4. 

At the same time, the SI (13) makes use of the transparent conductive film (23) 
formed below the Sl(13) and the second transparent conductive film (37) being the 
ground potential as the electrode secured on the gate insulation material (32) 
simultaneous with disposition of the gate electrode (17), whereby making up such a 
capacitor (32) to be closer to parallel so that it can be instrumental to extend display 
duration of liquid crystal display. In terms of circuit configuration, the above-cited 
electrode corresponds to the capacitor (32) shown in FIG. 1 via broken line. By virtue 
of the provision of the above-specified capacitor (32), even though the activated 
duration of the IGF may be in a range of 10 ~ lOO^isecond, duration of liquid-crystal 
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display can be prolonged to 1 - lOOmsecond by way of providing after-glow 
characteristic. The above capacitor provides 10' ~ 10" of the number of the picture 
element. Even when scanning speed has reached 0.1 ~ 100|xsecond, eyes of the 
viewer can be saved from incurring fatigue, thus providing usefulness. 

The capacitor incorporating the above-cited accumulative capacity was made 
from the same material as that of the gate-insulation material (16), and thus, it was 
possible to fabricate this capacitor without necessarily adding any particular processing 
step to the identical batch lot. However, in order to raise the capacity with a small 
area, instead of silicon oxide, any ferrodielectric substance such as titanium dioxide, 
tantalum oxide, or the like, may be used. 

The other electrode (24) electrically being connected to the Sl(13) according 
to the invention is secured via an electrode-hole (39). In this case, it is suggested that 
inter-layer insulation material comprising polyimide film or PIQ be formed on the IGF 
(10) by 1 - 3^m of thickness on the continuous basis via lithographic technique. In 
conformity with design specification, this electrode (24) determines magnitude of each 
picture element. In the case of calculator, this electrode corresponds to 0.1 ~ 5.0mm 
of segment or a rectangular segment or a numerical segment. However, in such a 
system for composing scan-type matrix like the one shown in FIG. 1, it is suggested 
that matrix be formed by 500 x 500 for example based on the matrix unit ranging from 
1 to 50jxm. In the liquid-crystal display, by forming liquid-crystal-particle orienting 
film on respective electrodes by applying transparent electrode made from SnC>2 film, 
the upper electrode and the other electrode were oppositely disposed. Then, 
nematic-state liquid crystal (26) was injected between them to complete formation of 
the liquid-crystal display. 

The above liquid-crystal display may be shown via coloration. Further, for 
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example, those picture elements may be composed by way of triply being superposed. 
In this case, red, green, and yellow elements be arranged alternately with each other. 

As is apparent via FIG. 5 and FIG. 6, the invention is characterized by 
provision of a plurality of field-effect semiconductor devices IGF, capacitors, resistors 
on the substrate (1) or simultaneous provision of the sandwiched-structure flat-surface 
panel for the liquid-crystal display device. 

Further, as is clear from the drawings, when "0" condition is entered by 
irradiation of light beams onto the IGF (110) against light being irradiated from the 
upper side, probable leakage of light is automatically prevented by function of the S3 
and SI layers as another feature of the invention. 

Further, unlike the conventional arts, it is a distinctive feature of the invention 
that the IGF has been formed by way of layer-lamination on the insulation substrate via 
total isolation from other picture elements. Particularly, the fact that all the processes 
could be effected at temperature below 600°C 5 in particular, below 300°C proves such 
a distinctive feature, whereby the above-referred panel can hardly be affected by 
thermal distortion even when the panel is provided with a substantial area. 

Further, the semiconductor devices according to the invention mainly comprise 
non-monocrystalline structure. In particular, it is another distinctive feature of the 
invention that the semi-amorphous semiconductor based on such a structure being 
intermediate between amorphous composition and monocrystalline composition is 
fully stable against thermal energy up to 600*0. 

In particular, the semi-amorphous semiconductor SAS is substantially such a 
non-monocrystalline semiconductor incorporating such lattice distortion based on 

o o 

sizable microcrystalline structure ranging from 10A up to 100 A. In the production 
stage, even when utilizing 500kHz ~ 3GHz of inductive energy, a maximum of 300^ 
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of temperature is sufficient. Further, the SAS contains such a physical characteristic 
in which diffusible length of electrons and Hall is 100 ~ 10 3 times greater than that of 
amorphous silicon. Inasmuch as the inventive IGF has been formed based on such a 
structure in which the above-specified non-monocrystalline semiconductors have been 
laminated on a substrate, and yet, since current flows through the IGF in the vertical 
direction, it is practicable to manufacture such a micro-channel-type IGF incorporating 
0.1 ~ 1.0|im of the channel length without applying high -precision photo-lithographic 
technique. The above achievements distinctively feature the invention. 

Further, according to the invention, availing of specific characteristic of the 
IGF featuring semi-amorphous semiconductor SAS, threshold voltage (V) of the IGF is 
not controlled by the ion-injection doping, but it is controlled by the amount of 
impurities and high-frequency power added to the S2 semiconductor, thus also 
featuring the invention. 

As a result, resistance against 20 ~ 30V of voltage, V G = -4 ~ 4V could be 
subject to control in a range of ±0.2V. Further, despite of using non-monocrystalline 
semiconductor corresponding to 1/5 ~ 1/50 the conventional mono-crystalline 
insulation-gate type semiconductor device, inasmuch as frequency characteristic 
conforms to micro-channel comprising 0.1 ~ l.O^im of channel length, the IGF 
according to the invention was fabricated. 

In regard to inverse-directional* leakage, by way of inserting 10 ~ 40 A thick 
silicon nitride (Si 3 N4- x (0 <s X < 4)) between the SI and the S2 shown in FIG. 1, even 
when adding 10V in the inverse direction, leakage from N + LP" junction or P + IN~ 
junction was less than l^iA. This result was quite desirable being comparable to the 
inverse-directional leakage of monocrystal. 

After adding 2 ~ 20mol% of oxygen or nitrogen and 5 ~ 30mol% of carbon to 
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the SI or S3 semiconductor, in the structure shown in FIG. 2, like the above case, 
inverse-directional leakage was negligible, and yet, in the course of etching the S2 and 
the S3 semiconductor, the SI semiconductor was prevented from excessively being 
etched, thus proved to be desirable in the processing effect. Compared to the case of 
deleting addition of the above-cited elements, the low-leakage property proved to be of 
less leakage by 1/10 ~ 1/10 2 . As a matter of course, the minimum leakage is quite 
effective when implementing the matrix structure shown in FIG. 1. 

In such a case in which the layer-built-type SI, S2, and S3 were respectively 
fabricated by solely applying amorphous silicon semiconductor, after adding 10 V of 
inverse-directional bias current, it was found that more than 1mA of inverse-directional 
leakage was generated. After replacing the above amorphous silicon semiconductor 
with the semi-amorphous semiconductor SAS, inverse-directional leakage was lowered 
to 5 ~ 50^iA. This is because of the following reasons: i.e., impurities comprising 
boron or phosphorus doped in P or N type semiconductor of the SI and S3 were 
oriented to the substitutive type, and thus the ionization coefficient was raised above 
4N being identical to monocrystal, and yet, even the activating energy was lowered to 
0.005 ~ O.OOleV below 0.2 ~ 0.3eV of activating energy of amorphous substance. 
Electrical conductivity was also promoted quite significantly to a range of 10" 2 - 10 +1 
(Qcm)' 1 against 10' 5 ~ 10" 3 (Qcm)" 1 of the electrical conductivity of amorphous 
semiconductor. 

Because of the above reasons, once-oriented impurities did not diffuse 
outwardly, and as a result, junction was finely completed. 

Further, by virtue of the provision of layer-built-type IGF units, the invention 
has made it possible to fabricate a plurality of IGF units, resistors, and capacitors, on a 
substrate, in particular, on an insulation substrate. Further, it has also become 
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possible to have the inventive semiconductors develop novel liquid crystal display 
device. 

The invention has utilized silicon for composing semiconductor and also 
silicon oxide or silicon nitride for composing insulation material. However, it is also 
possible to make use of germanium, or Si x Gei. x (0 < x < 1), or BP, or GaAS, for 
composing semiconductor. 

Further, needless to mention that in the case of non-monocrystalline 
semiconductor, in place of the semi-amorphous semiconductor, either the amorphous 
semiconductor or so-called polycrystalline semiconductor comprising 50 ~ 5000A of 
crystalline particle diameter may also be used. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 designates an equivalent circuit based on matrix structure comprising 
insulation-gate-type semiconductor devices, inverter resistors, capacitors or 
insulation-gate-type semiconductor devices and capacitors respectively functioning as 
picture-elements according to the invention; 

FIG. 2 is a vertical sectional view of the layer-built insulation-gate-type 
semiconductor device and explanatory of manufacturing processes according to the 
invention; 

FIG. 3 exemplifies another semiconductor device according to the invention; 

and 

FIG. 4 and FIG. 5 respectively exemplify semiconductor devices for 
composing flat-surface display integrally comprising layer-built-type 
insulation-gate-type semiconductor devices and capacitors or liquid-crystal according 
to the invention. 
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ABSTRACT 

PURPOSE: To allow to obtain a flat TV solid-state display substituted for a 
CRT, by laminating the first, second and third semiconductors in the same 
shape on a conductive layer of a substrate and forming a gate insulator and 
a gate electrode on the surface thereon. 

CONSTITUTION: A conductive layer 12 (semiconductor 2) is formed on 

insulating substrate 1 into an arbitrary shape and etched by a mask. 

Further, semiconductors S13, S24 are formed on the conductive layer 12, and 

S35 of the same conductive type as S13 is laminated thereon. Thereafter, on 

the entire surface of S1-S3, an insulating film 6 is formed particularly on 

the side surface of S214 as the gate insulating film 16. This insulating 

film 16 is formed simultaneously for the isolation of S113, S315. Further, 

an electrode hole 8 for the insulating film 16 and an electrode hole 7 for 

the S315 are formed, and a semiconductor layer joining to the gate 

electrode is laminated again. Next, the gate electrode 17 is provided in 

lamination on the insulating film 16 in a transversal direction and is 

simultaneously wired onto the other field effect semiconductor device, a 

capacitor and a resistor in close contact on the insulator via electrode 

holes from SI 13, S315. 
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